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^ (57) Abstract: A direct coal fired burner system (22) for a rotary kiln (20) in which the burner (36) has a multi-barrel construction 
through which primary air for conveying coal is heated with tertiary air sourced from the rotary kiln (20), and the shape of the 

Q emerging flame is controlled by a first annulus of swirling tertiary air adjacent the primary airstream and by a second annulus of 
laminar tertiary air defining an outer envelope for the flame. The volume and relative velocities of air in the tertiaiy air supplies are 

^ all controllable through the use of respective dampers provided in tertiary air supply conduits. 
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ROTARY KILN BURNER 

Technical Field 

This invention relates to a solid fuel burner for a rotary kiln 
and particularly relates to a direct coal firing system using a burner with 
5 a multi-barrel construction. 

Background Art 

In a direct coal firing system, hot air is drawn from a rotary 
kiln hood and is used to dry coal before it is sent to a mill for 

10 pulverization. The pulverized coal is entrained in a primary airflow for 
conveying the coal to a burner, the airflow also supplying 35 to 45% of 
stoichiometric air requirements for combustion of the coal. The balance 
of the stoichiometric air requirements is supplied by a super heated 
secondary air flow contained by a kiln hood at the discharge end of the 

1 5 rotary kiki. 

In indirect firing systems, pulverized coal is separated from 
the air required in the pulverizing mill using a cyclone or the like and the 
coal is stored so that it can be withdrawn as and when required. Coal 
and primary air firing rates are independent of the coal pulverizing mill 

20 and the volume of relatively cool primary air used to convey the coal to 
the burner is kept to a minimum so as not to exceed 20% of 
stoichiometric air requirements and thereby improve burner efficiency. 
Because of improved efficiency, indirect firing systems are generally 
preferred over direct firing systems and new rotary kiln installations 

25 usually include the infrastructure required to support an indirect coal 
firing system. 

While many improvements have been made to burners for 
indirectly fired rotary kiln installations to still further increase 
efficiencies, very little effort has been devoted to improving the 
30 efficiency of direct fired rotary kiln installations, many of which 

continue to operate throughout the world at margins which cannot justify 
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the cost of modifying the installations to accommodate the additional 
equipment required to support an indirect fired burner system. 

Some improvements to indirect fired burner systems include 
pre-heating primary air with recirculated flue gas as in US 4,387,654. In 
US 4,206,712, a multi-barrel burner construction with a tertiary warm air 
supply for preheating a coarse coal fraction is disclosed. A small 
quantity of high-pressure, high velocity control air is directed at the fiiel 
stream through a swirling air annulus to create and maintain a turbulent 
region around the tip of the burner nozzle. The quantity of air is varied 
from between 5 to 15% of stoichiometric air requirements. 

In US 4,838,185, a cool air jacket defined by a third barrel in 
the bumer is provided to isolate a swirling jet of burning gases from the 
wall of the combustion chamber so that combustion can take place 
without damage to its walls and in US 5,299,5 12, it is submitted that it is 
preferable to introduce primary air, in an axial direction to avoid rotation 
of the primary air stream altogether. 

There are thus widely divergent views on whether spiral air 
deliveries are desirable in indirect coal fired burners and since the 
volumes of primary air fed into an indirect fired bumer are significantly 
lower than those required in direct fired burners, the fluid flows and 
dynamics also differ considerably. Any teachings found in these prior 
art devices are clearly inappropriate for use in direct coal fired burners. 

An object of this invention is to provide a system which can 
easily be integrated 

into existing direct coal fired bumer installations to improve their 
efficiency without any significant capital investments. 

Disclosure of the Invention 

In accordance with the invention, there is provided a direct 
coal fired bumer system for a rotary kiln in which the bumer has a 
multi-barrel constmction through which primary air for conveying coal 
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is heated with tertiary air sourced from the rotary kiln, and the shape of 
the emerging flame is controlled by a first annulus of swirling tertiary air 
adjacent the primary airstream and by a second annulus of laminar 
tertiary air defining an outer envelope for the flame. The volume and 
relative velocities of air in the tertiary air supplies are all controllable 
through the use of respective dampers provided in tertiary air supply 
conduits. 

Description of the Drawing s 

In order that the invention may be more clearly understood, a 
preferred embodiment is described with reference to the accompanying 
drawing(s), in which: 

Fig. 1 is a schematic illustration of a rotary kiln bumer system 
in accordance with the invention. 

Fig. 2 is a schematic illustration, drawn to a smaller scale, of 
the bumer system of Fig. 1 integrated into a rotary kiln installation; 

Fig. 3 is a longitudinal sectional view of a second conduit 
forming part of a bumer for a rotary kiln; and 

Fig. 4 is a cross-section of the conduit of Fig. 3 taken on line 

4-4. 

Best Mode For Carrying Out The Invention 

A bumer system for heating a rotary kiln designated by 
numeral 20 is generally designated by reference numeral 22 in Fig. 1 of 
the accompanying drawings. Only the discharge end of the rotary kiln 
20 is shown in Fig. 1. As is common, the rotary kiln 20 terminates in a 
kiln hood 24 or plenum which is disposed over the discharge end of the 
rotary kiln 20 and which receives hot air which is blown by means of fan 
23 through hot clinker emerging from the rotary kiln 20 into a clinker 
cooler 25 (Fig. 2). A hot air pipe 28 is coupled to the kiln hood 24 and 
supplies hot dusty air having a temperature of up to 1600°F to a dust 
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cyclone 30 for removing particulates from the air and from which dust is 
returned to the kiln hood 24. Clean hot air emerging from the cyclone 
30 as indicated by arrows 32, 34 passes through the hot high pressure air 
fan 26 before being supplied to a burner generally indicated by reference 
36. 

The rotar>' kiln 20 is disposed at the feed end in a smoke 
chamber 37 operatively connected to an induced draft fan 39. Because 
the rotary kiln 20 forms part of a direct coal fired system, some hot air 
from the kiln hood 24 is directed through conduit 4 1 into a coal mill 43 
and into the burner 36. A damper 45 upstream from the coal mill 43, is 
provided in the conduit 41 to cool the air in the conduit, as necessary. 
Coal fines leave the coal mill 43 through a coal mill fan 45 where they 
are discharged into a fuel supply conduit 40. 

The bumer 36 comprises a number of concentric pipes 
disposed so as to extend axially into the discharge end of the rotary kiln 
20. 

The bumer 36 comprises a first primary conduit 38 made of 
310 stainless steel and having a 12-14 inch nominal diameter. Typically, 
the conduit 38 has a length of 18 feet and defines the primary' conduit for 
receiving primary air and fuel for combustion. The fuel supplied to the 
first conduit 38 comprises minus 200 mesh coal fines or petroleum coke 
or combinations of these and may include auxiliary fuels such as fiiel 
oils or natural gas. The coal fines are supplied directly to the bumer 36 
from the coal mill 43, without any intermediate storage, through the fiiel 
supply conduit 40 which typically will supply 35 to 45% of the 
stoichiometric air required for combustion. Such high volumes of 
primary air are typical of direct fired coal burners as starving the air 
supply would otherwise create back pressures in the coal mill and 
disrupt the coal supply. Because the coal in the coal mill may have 
varying levels of humidity, the temperature of the primary air will often 
fluctuate but is typically about 200°F. 



In accordance with one aspect of the invention, hot tertiary air 
is supphed from hot air pipe 28 into a first hot air pipe branch 42 in 
fluid communication with the hot air pipe 28 and the first conduit 38. A 
manually set butterfly valve or damper 44 is provided in the first hot air 
pipe branch 42 to control the volume of air supplied. 

A second conduit 46 axially receives the first conduit 38 and 
extends between an intermediate portion of the conduit 38 and a nozzle 
48 for the bumer 36 which is disposed inside the plenum 24. The 
second conduit 46 is, like the first conduit 38, in fluid communication 
with the hot tertiary air pipe 28 by means of a second hot air pipe branch 
50. A butterfly valve 52 is provided in the second hot air pipe branch 50 
to control the volume of hot air supplied to the second conduit 46. 
Adjacent to the nozzle 48, the second conduit 46 has a series of eight 
external scroll vanes 54 with a wrap of 180° (Figs. 3 & 4) and which 
have a pitch relative to the middle of the conduit 46 of about 45°. The 
vanes 54 extend inwardly over a length of about 1 8 inches away from 
the nozzle 48. The second conduit is also fabricated from 310 stainless 
steel and has a nominal internal diameter of 13-15 inches while the 
scroll vanes 54 are constructed from flat bar having a cross-section of a 
V2 inch to Va inch. 

A third conduit 56 axially receives the second conduit 46 and 
extends between an intermediate portion of the second conduit 46 and 
the nozzle 48. The third conduit 56 has a respective third hot air pipe 
branch 58 and butterfly valve 60 through which hot tertiary air is 
supplied from the hot air pipe 28. The third conduit 56 is also made of 
310 stainless steel and has a nominal internal diameter of 14-16.0 inches. 

The hot high pressure fan 26 has been specially designed to 
operate at a high temperature of up to 1400°F and high pressure of 40 
inch water gauge. It is currently available from Garden City. Because 
of the maximum operating temperature of the fan 26 is 1000°F, the 
temperature of the hot air upstream from the fan must be regulated. 
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Accordingly, a thermocouple 62 is disposed upstream from the fan 26 
and the thermocouple 62 is electrically connected to a controller 64 
through which ambient air may be admitted into a fresh air duct 66 
having a butterfly valve 68 and disposed in the hot air pipe 28 upstream 
of the fan 26. 

Industrial Applicability 

In use, the tertiary air fan 26 draws hot air from the kiln hood 
24. The hot air is cleaned through the cyclone 30 to remove any heavy 
dust particles. The hot air is delivered to the kiln burner 36 for the 
purpose of shaping the flame and also to boost the temperature and 
velocity of the primary air supplied to the first conduit 38. 

The second or middle conduit 46 has relatively long scroll 
swirl vanes 54 which modify the pulverized fuel flame shape and 
intensity by increasing or decreasing the amount of swirl air to produce 
short through long flames, respectively. 

The outer or third conduit 56 carries hot high velocity laminar 
air and by increasing the air flow in the third conduit and also reducing 
the air flow in the second conduit 46, a longer cooler flame may be 
produced. All adjustments to air flow in the first, second and third 
conduits are done using the manual butterfly valves 44, 52, 60. Before 
starting the hot high pressure fan, a blanking plate may be installed into 
the first hot air pipe branch 42 for safety considerations and all of the 
aforementioned hot air butterfly valves 44, 52, 60 are closed. 

With a double flap gate air seal 70 at the bottom of the dust 
cyclone 30 properly balanced, the hot high pressure fan 26 is put into 
operation once normal operating temperatures are achieved by 
combustion of fuel and primary air in the furst conduit 38. Flame 
shaping procedures may then be started by adjusting the butterfly valves 
52, 60. A greater flow of air delivered to the second conduit 46 will 
create a flame which is short and bushy while a greater flow of air 
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through the third conduit 56 will produce a flame which is long and 
pencil shaped. 

Removal of a blanking plate and adjusting the butterfly valve 
44 allows hot tertiary air into the first conduit 38 and this is adjusted 
5 subject to the correct balance of combustion conditions suited to the 

product being produced. It will be understood that the tertiary air fan 26 
must be maintained in operation in order to eliminate the possibility of 
any fuel dust leaking into the hot air pipe 28. 

In order to shut down the bumer, the butterfly valves 44, 52, 
10 60 are closed and a blanking plate may be installed. The hot high 
pressure fan 26 is closed after normal shut down procedures for the 
bumer 36. 

It will be understood that in prior art devices using solid fuels 
which have a swirling device in the bumer, there has been a tendency to 

1 5 deflect the solid fuel radially in order to mix with it the incoming 

parallel flow of secondary air indicated in the drawing by arrow 72. In 
such systems, the coarser fractions of solid fuel gain sufficient 
momentum to tend to exit the flame 74 which leads to delayed 
combustion and particle impingement on the refractories of the kiln 20. 

20 By contrast, the bumer 36 in accordance with the invention 

uses a long scroll swirling device which causes hot tertiary air to swirl 
around the main centre jet of pulverized fuels, quickly entraining and 
driving inwards the hot secondary air into the outer regions of the flame 
which are air starved and combustible gas rich. The central axis of the 

25 main fuel jet is largely undisturbed and retains its position to the kiln 
feed bed to maximize radiant heat transfer from flame to bed. In part, 
aspiration of superheated secondary air (800°F to 1000°F) is achieved by 
maintaining a high pressure high velocity air flow in the second conduit 
46 and the third conduit 56 such that the velocity is approximately 90 

30 metres per second with an air pressure of 39 inches water gauge while 
the air velocity in the first conduit 38 is approximately 35 to 45 metres 
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per second. By adjusting the air flow in the second and third conduits 
46, 56, the back pressure or the flow rate of the primary' air and 
pulverized fuel exiting the coal mill in a direct firing process is not 
affected. Otherwise, any increase in back pressure on the primary air 

5 and pulverized fuel supply in the direct firing process would slow down 
or cripple the pulverized the solid fuel system resulting in decreased 
firing rates or even a kiln shut down. 

It is expected that the burner in accordance with the invention 
may be used to bum existing fuels at higher temperatures and to stabilize 

10 the combustion of high ratios of petroleum coke in petroleum fuel 

mixtures and also to bum lower quality solid fiiels more effectively so as 
to deliver from 100 to 500 million BTU/hr, 

It will be understood that several variations ma} be made to 
the above described embodiment of the invention within the scope of the 

15 appended claims. In particular, it will be appreciated that the 

temperature of hot tertiary air is limited only by the currently available 
technology for providing a hot high pressure fan and that this 
temperature could increase if such hot air could be accommodated. The 
burner construction described above is subject to modification and not 

20 limited by the materials of construction indicated. 

It will be appreciated that the system described will be adapted 
to improve burning efficiency in existing direct coal bumers without any 
significant disruptions. 
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Claims: 

I . A burner system (22) for heating a rotary kiln (20), the burner 

system (22) including a burner (36) coupled to a supply of hot tertiary 

air from the rotary kihi (20), and terminating in a nozzle (48) disposed in 
5 a hot secondary air supply defined by a kiln hood (24) disposed at an 

outlet for the rotary kiln (20), characterized in that 

the burner (36) has a first conduit (38) for receiving pulverized 

solid fuel and primary air supplying at least 30% of stoichiometric 

requirements for combusting the solid fuel, 
10 a second conduit (46) axially receives the first conduit (38) 

therethrough, and extending between an intermediate portion of the first 

conduit (38) and the nozzle (48), the second conduit (46) having at least 

one intemal scroll (54) adjacent the nozzle (48) for imparting a svy^irling 

motion to air exiting from the second conduit (46), 
15 a third conduit (56) axially receives the second conduit (46) 

therethrough, and extends between an intermediate portion of the second 

conduit (46) and the nozzle (48), 

each of the first (38), second (46), and third (56) conduits have 

a respective tertiary hot air supply (42, 50, 58) and respective damping 
20 means (44, 52, 60) for independently controlling the volume of hot 

tertiary air from the rotary kiln (20) supplied to said conduits (36, 40, 

56), 

a hot high pressure fan (26) receives hot tertiary air from the 
rotary kiln (20) and delivers hot tertiary air to said first (38), second 
25 (46), and third (56) conduits, 

a damper (68) in a fresh air duct (66) is disposed upstream 
from said hot high pressure fan (26) and is in fluid communication with 
said supply of hot tertiary air for receiving ambient air to cool the hot 
tertiary air, as required, 
30 the volume of hot tertiary air through each of said first (38), 

second (46), and third (56) conduits being adjustable to allow the air 
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velocity in the second (46) and third (56) conduits to exceed the air 
velocity in the first conduit (38) by a factor of at least 2:1. 



2. A burner system (22) according to Claim 1 in which the 
second conduit (46) has a plurality of long scroll vanes (54) for swirling 
air, the vanes (54) having a pitch to the middle of the second conduit of 
at most and a wrap of at least 1 50°. 

3. A burner system (22) according to Claim 2 in which the pitch 
of the vanes (54) is about 45°. 

4. A bumer system (22) according to Claim 1 in which the 
internal wall of the third conduit (56) is substantially smooth so that the 
air flow through the third conduit (56) is substantially laminar. 

5. A method of operating a bumer system (22) for heating a 
rotary kiln (20), the bumer system (22) including a bumer (36) coupled 
to a supply of hot tertiary air fi-om the rotary kiln (20), and terminating 
in a nozzle (48) disposed in a hot secondary air supply defined by a kiln 
hood (24) disposed at an outlet for the rotary kiln (20), characterized in 
that 

the bumer (36) has a first conduit (38) for receiving pulverized 
solid fuel and primary air, 

a second conduit (46) axially receives the first conduit (38) 
therethrough, and extending between an intermediate portion of the first 
conduit (38) and the nozzle (48), the second conduit (46) having at least 
one internal scroll (54) adjacent the nozzle (48) imparting a swirling 
motion to air exiting from the second conduit (46), 

a third conduit (56) axially receives the second conduit (46) 
therethrough, and extends between an intermediate portion of the second 
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conduit (46) and the nozzle (48). the air emerging from third conduit 
(56) having laminar flow characteristics, 

each of the first (38), second (46), and third (56) conduits have 
a respective tertiar}' hot air supply (42, 50, 58) and respective damping 
5 means (44, 52, 60) for independently controlling the volume of hot 
tertiary air from the rotary kiln (20) supplied to said conduits (38, 46, 
56), 

a hot high pressure fan (26) receives hot tertiar}' air from the 
rotary kiln (20) and delivers hot tertiary air to said first (38), second 
1 0 (46), and third (56) conduits, 

a damper (68) in a fresh air duct (66) is disposed upstream 
from said hot high pressure fan (26) and is in fluid communication with 
said supply of hot tertiary air, receiving ambient air to cool the hot 
tertiary air, as required, to a temperature which is less than the operating 
1 5 temperature of the hot high pressure fan, 

in which the volume of primary air supplied through said first 
conduit (38) is at least 30% of stoichiometric requirements for 
combusting solid fiiel. and 

the volume of hot tertiary air supplied through each of said 
20 first (38), second (46). and third (56) conduits is adjusted so that the air 
velocity in each of the second (46) and third (56) conduits exceeds the 
air velocity in the first conduit (3 8) by a factor of at least 2:1. 

6. A method according to Claim 5 in which the temperature of 
25 the hot tertiary air is maintained at a maximum of 1400°F. 

7. A method according to Claim 5 in which the volume of hot 
tertiary air admitted to the first conduit (38) is varied in accordance with 
the humidity of pulverized solid fiiel supplied to the first conduit (38). 

30 

8. A method according to Claim 5 in which the volume of hot 
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tertiary air admitted to the second conduit (46) is increased to create a 
shorter, bushier flame. 



9. A method according to Claim 5 in which the volume of hot 

tertiary air admitted to the third conduit (56) is increased to create a 
longer, cooler flame. 



10. A method according to Claim 5 in which the air velocity in the 
first conduit (38) is maintained between 35 and 45 m/sec and the air 

1 0 velocities in the second (46) and third (56) conduits are operated at 
approximately 90m/sec. 

11. A method according to Claim 5 in which the hoi tertiary air 
supplied in each of second (46) and third (56) conduits does not exceed 

1 5 1 0% of stoichiometric air required for combustion. 

12. A method according to Claim 5 in which the hot tertiary air 
supplied in each of the second (46) and third (56) conduits is 
approximately 6% of stoichiometric air required for combustion. 

20 
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AMENDED CLAIMS 

[received by the International Bureau on 18 June 2001 (18.06.01) 
original claims 1-12 replaced by new claims 1-14; (5 pages)] 

1 . A burner system (22) for heating a rotary Viln (20), the burner 

system (22) including a burner (36) coupled to a supply of hot tatiaiy 

air from the rotary kihi (20)^ and terminating in a nozzle (48) disposed in 

a hot secondary air supply defbed by a kiln hood (24) disposed at an 

outlet for the rotary kiln (20), characterized in that 

the burner (36) has a first conduit (38) for receiving pulverized 
solid fiiel and primary air supplying at least 30% of stoichiometric 
reqiurements for combusting the solid fuel, 

a second conduit (46) axially receives the first conduit (38) 
therethrough, and extending between an intermediate portion of the first 
conduit (38) and the nozzle (48)^ the second conduit (46) having at least 
one internal scroll (54) adjacent the nozzle (48) for imparting a swirling 
motion to air exiting from the second conduit (46), 

a tiurd conduit (56) axially receives the second conduit (46) 
therethrough, and extends between an intermediate portion of the second 
conduit (46) and tiie nozzle (48), 

each of the first (38), second (46), and third (56) conduits have 
a respective tertiary hot air supply (42, 50, 58) and respective damping 
means (44, 52, 60) for independently controlling the volume of hot 
tertiary air from the rotary kiln (20) siq)plied to said conduits (36, 40, 
56). 

a hot high pressure fim (26) receives hot tertiary air from the 
rotary kiln (20) and delivers hot tertiary air to said first (38), second 
(46), and third (56) conduits, 

a damper (68) in a fresh air duct (66) is disposed upstream 
from said hot high pressure fan (26) and is in fluid communication wiA 

AMENDED SHEET (ARTICLE 19) 
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said supply of hot tertiary air for rccerving ambient air to cool the hot 
tertiary air. as required, 

the volume of hot tertiary air through each of said first (38)3 
5 second (46), and third (56) conduits being adjustable to allow the air 
velocity in the second (46) and third (56) conduits to exceed the air 
velocity in the first conduit (38) by a factor of at least 2: L 

2. A burner system (22) according to Claim 1 in which the 

10 second conduit (46) has a plurality of long scroll vanes (54) for swirling 
ahr, the vanes (54) having a wrap of at least 150®. 

3. A burner system (22) according to Claim 2 in which the scroll 
vanes (54) have a wr^ of about 180*^, 

15 

4. A burner system (22) according to Claim 2 in which the scroll 
vanes (54) extend inwardly over a length x away from the no2zle (48)i 
the second conduit (46) having a nominal intemal diameter 7, and the 
ratio x/y being in the range of L4 to 1.2. 

20 

5. A burner system (22) according to Claim 2 in which the pitch 
of the vanes (54) is about 45 ° . 

6. A bumer system (22) according to Claim 1 in which the 

25 intemal wall of the third conduit (56) is substantially smooth so that the 
air flow through the third conduit (56) is substantially laminar. 

7. A method of operating a burner system (22) for heating a 
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rotary kiln (20), the burner system (22) including a burner (36) coupled 
to a supply of hot tertiary air from the rotary kiln (20), and terminating 
in a nozzle (48) disposed in a hot secondary air supply defined by a kiln 
5 hood (24) disposed at an outlet for the rotary kiln (20), characterized in 
that 

the burner (36) has a first conduit (38) for receiving pulverized 
solid fiiel and primary air, 

a second conduit (46) axially receives the first conduit (38) 
10 therethrough, and extending between an intermediate portion of the first 
conduit (38) and the nozzle (48), the second conduit (46) having at least 
one intemal scroll (54) adjacent the nozzle (48) imparting a swirling 
motion to air exiting from the second conduit (46), 

a third conduit (56) axially receives the second conduit (46) 
15 therethrough, and extends between an intermediate portion of the second 
conduit (46) and the nozzle (48), the air emerging &om third conduit 
(56) having laminar flow characteristics, 

each of the first (3 8), second (46), and third (56) conduits have 
a respective tertiary hot air supply (42, 50, 58) and respective damping 
20 means (44, 52, 60) for independently controlling tiic volume of hot 
tertiary air from the rotary kiln (20) supplied to said conduits (38, 46, 
56), 

a hot high pressure fan (26) receives hot tertiaiy air from the 
rotary kiln (20) and delivers hot tertiary air to said first (38), second 
25 (46), and third (56) conduits, 

a damper (68) in a fresh air duct (66) is disposed upstream 
from said hot high pressure fen (26) and is in fluid communication with 
said supply of hot tertiary air, receiving ambient air to cool the hot 
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tertiary air. as required, to a temperature which is less than the operating 
temperature of the hot high pressure fan, 

in which the voliune of primary air supplied through said first 
5 conduit (38) is at least 30% of stoichiometric requirements for 
combusting solid fiiel. and 

the volume of hot tertiary air supplied through each of said 
first (38). second (46), and third (56) conduits is adjusted so that the air 
velocity in each of the second (46) and third (56) conduits exceeds the 
10 air velocity in the first conduit (38) by a factor of at least 2:1. 

8. A method according to Claim 7 in which the temperature of 

the hot tertiary air is maintained at a maxhnum of 1400^F. 

15 9. A method according to Claim 7 in which the volume of hot 

. tertiary air admitted to the first conduit (38) is varied in accordance with 
the humidity of pulverized solid fiiel supplied to the first conduit (3 8). 

10. A method according to Claun 7 in which the volume of hot 
20 tertiary air admitted to the second conduit (46) is increased to create a 

shorter, bushier flame. 

11. A method according to Claim 7 in which the volume of hot 
tertiary air admitted to the ttdrd conduit (56) is increased to create a 

25 longer, cooler flame. 

12. A method according to Claim 7 in which the air velocity in the 
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first conduit (3 8) is maintainedrbetween 35 and 45 m/sec and the air 
velocities in the second (46) and third (56) condmts are operated at 
approximately 90m/sec. 

5 

13. A method according to Claim 7 in which the hot tertiary air 
supplied in each of second (46) and third (56) conduits does not exceed 
10% of stoichiometric au: required fca: comhustion. 

10 14. A method accordmg to Claun 7 in which the hot tatiary air 
supplied in each of the second (46) and third (56) conduits is 
approximately 6% of stoichiometric air required for combustion. 
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